Abstract. Two case studies are presented of aircraft measurements (ozone, NO•., CO, and meteorological parameters) in the vicinity of fronts located over the eastern side of the North Atlantic Ocean during spring ! 994. The aim of these studies was twofold: (1) to investigate whether frontal circulations can transport ozone from the boundary layer to the free troposphere in well-defined layer; and (2) to ascertain whether or not conveyor belts associated with extratropical cyclones exhibit well-defined chemical signatures. 
Introduction
Despite the fact that only approximately 10% of the total atmospheric ozone is found in the free troposphere, it has a crucial role to play in tropospheric photochemistry. Ozone is the primary source of the hydroxyl radical (OH) which is produced when ozone is photolyzed by UV radiation in the presence of water vapor; OH is responsible for the removal of carbon monoxide, methane [Levy, 1971] , nitrogen dioxide, and hydrocarbons from the atmosphere. By absorption of thermal radiation at 9.6 [tm, ozone also plays an important role in the energy budget of the troposphere [Ramanathan and Dickinson, 1979; Fishman et al., ranges of potential temperature and wet-bulb potential temperature, 0,•, peculiar to the airstreams' origins and are termed conveyor belts. 0, is defined as the temperature attained by displacing a parcel of air from its local condensation level to 1000 mbar along a saturated adiabatic curve on a thermodynamic diagram such as a tephigram [Wallace and Hobbs, 1977 Three major airflows are associated with a mature cyclone [e.g., Carlson, 1980] : the warm conveyor belt (WCB), the cold conveyor belt (CCB), and the dry airstream or intrusion. Their characteristics are described here briefly in terms of flow with respect to the cyclone center (relative isentropic coordinates); for further details, see Carlson [1980] and Browning [1990] . The WCB is a stream of air with high 0,• that commences in the boundary layer equatorward of the cyclone, travels rapidly along and ahead of a cold front, and ascends while turning anticyclonically above the warm front (if present). The CCB begins at low level ahead of the warm front. It proceeds westward (relative to the cyclone) toward the cyclone center, usually ascending as it travels, such that it is located in the middle troposphere near the apex of the warm sector. Note that it undercuts the WCB such that the warm frontal zone corresponds to the interface between the WCB and CCB. The dry intrusion constitutes air descending from the upper troposphere or lower stratosphere behind the cold front; it can either undercut or overrun the WCB in the vicinity of the cold frontal zone. Recent work [Wernli and Davies, 1997;  Wernli, 1997] involving a Lagrangian-based analysis scheme to identify coherent ensembles of trajectories (CETs) that accompany Atlantic cyclogenesis has confirmed the existence of several distinct quasicontinuous moist ascending (and dry descending) CETs. Clearly, the flows that originate within the boundary layer and ascend into the free troposphere have considerable potential for transferring trace gases between these two regions.
In this paper, two case studies are presented of aircraft measurements (of both soluble and insoluble trace gases) through fronts located to the southwest of the United Kingdom during spring 1994. The aims of the study are twofold: (1) to investigate whether circulations associated with fronts can transport significant quantities of ozone and precursors from the boundary layer into the free troposphere in well-defined layers and (2) to ascertain whether or not conveyor belts associated with extratropical cyclones are delineated by well-defined chemical signatures. Can these flows therefore explain variations in observed trace gas distributions'?
The first case study (section 3) presents measurements through a developing baroclinic wave on the polar front over the eastern Atlantic, while the second (section 4) presents measurements through a well-developed warm front associated with a mature low-pressure system to the west of Ireland. Both cases were of particular interest because of the presence of elevated ozone concentrations ahead of (i.e., below) the warm frontal surface. This is surprising given that the transfer of stratospheric air associated with an extra-tropical cyclone occurs behind the cold front and that the major flow of air from the boundary layer to the free troposphere (the WCB) occurs to the rear of the warm frontal surface.
Both studies commence with a presentation of the synoptic situation at the time of the measurements; radiosonde profiles along with aircraft measurements in the region of study follow. Finally, the histories of the air masses sampled are investigated with the aid of satellite images, back trajectories, and numerical model output. Conclusions drawn, including answers to the above questions, are presented in section 5.
Aircraft Instrumentation
Aircraft measurements presented here were obtained by the U.K. Meteorological Office's C-130 Hercules during the Oxidizing Capacity of the Tropospheric Atmosphere (OCTA) campaigns in March and April 1994. An overall description of the aircraft instrumentation is given by Nicholls [1978] . CO was measured using a novel resonance fluorescence instrument (Gerbig et al., 1996) , which achieved a precision of 2.5 ppbv for an integration time of 9 s, as was used in the present study. NO,. was measured with a chemiluminescence detector following the conversion of the different NO,. species to NO in a gold tube at 300øC in the presence of CO (0.1%). The converter was operated at a constant pressure of 200 mbar and at a constant flow rate of 1 standard liter per minute (SLpm). The instrument was calibrated before, during, and after the flights with a standard mixture of NO. The conversion efficiency was checked with NO2 produced by gas phase hours prior to measurements a baroclinic wave developed on the cold front over the Atlantic, By the time the measurements were made its apex was located at 47øN, 21øW (Figure 2 ), while the main frontal system had passed over the United Kingdom.
Radiosonde Observations
From its surface position extending eastward from the wave apex, the warm front section of the wave sloped northward as the frontal surface rose through the troposphere. Several radiosonde ascents intersected the frontal surface: that from Camborne (50.2øN, 5.3øW) at 1100 UT showed a stable layer and a sharp change in humidity between 4.0 and 4.8 km (Figure 3a) ; while the Values given are the mean and standard deviation of four chromatograms from each bottle. 
Flight A325, April 25, 1994
In an interesting contrast to A315, a second case study is presented here of measurements through the warm front of a mature occluded system. 
Synoptic Situation

